were recorded during introduction of water from aquaria containing disturbed or undisturbed animals. When female O. virilis were disturbed, form II males assumed low-level altert postures significantly more than when those females were undisturbed. Similar results were obtained when the source animals were female Cambarus diogenes, a sympatric crayfish. When the newt Notopthalamirs viridescens was disturbed, the crayfish responses were strong but resembled stress behavior. The responses by crayfish to disturbed vs. undisturbed catfish (lctalurus natalis) were not significantly different.
INTRODUCTION
The detection of stressed conspecific individuals has been reported in earthworms (Ressler et al., 1968) , several types of molluscs (Landauer and Chapnick, 1981; Sleeper et al., 1980) , insects (Levinson et al., 1974) , and mammals (Valenta and Rigby, 1968) . The responses of crayfish to a chemical or chemicals given off by stressed (but not injured) conspecific individuals have been used to demonstrate the existence of disturbance pheromones (Hazlett, 1985a) . Observations (Hazlett, 1985b) have indicated that these pheromones are neither specific to a particular form of stress that a crayfish experiences nor are they 381 0098-0331/89/0100-0381 $06.00/0 © 1989 Plenum Publishing Corporation species specific. Individuals of Orconectes virilis respond to water containing stressed males of O. virilis, O. rusticus, or O. propinquus (Hazlett, 1985b) .
Recent work has indicated a number of cases in which chemical communication occurs across phyletic lines. This often is observed in the form of predator detection (Scrimshaw and Kerfoot, 1987; Petranka et al., 1987; Wemer, personal communication) and can have both behavioral and morphophysiological consequences for prey animals. The experiments reported herein were designed to look for chemical communication across major phyletic lines as well as to examine the question of release of disturbance pheromones by female crayfish.
METHODS AND MATERIALS
Experiments were conducted at the University of Michigan Biological Station near Pellston, Michigan, during July and August 1986. Methods were identical to those described earlier (Hazlett, 1985a, b) . The crayfish tested were all individuals of Orconectes virilis collected from either Douglas Lake or the Maple River. Test individuals were housed in individual 10-gallon aquaria that were visually isolated. Each test crayfish was provided with a rock burrow and was tested with just one type of water on any given day. Water was introduced via a peristaltic pump at the rate of 20 ml/min for a test period of 8 min.
The sources of water introduced to the test individuals of O. virilis were aquaria that had been filled partially with untreated, well-aerated water from Douglas Lake and in which one or more individuals of the source animals had been living for two to four days. The types of source animals were two species of crayfish and two species of aquatic vertebrates: female crayfish in a different genus (Cambarus diogenes), female crayfish of the same species (O. virilis), members of a school of young yellow bullhead catfish (lctalurus natalis) that had been collected in Douglas Lake near Sedge Point, and two individuals of the aquatic phase of the red-spotted newt (Notopthalamus viridescens) collected in East Point Pond near Douglas Lake. The two latter species were chosen on the bases of being taxonomically unrelated to crayfish, not common predators of adult crayfish, and cooccurring with the test species.
For the tests when the source animals were female O. virilis, all of the test crayfish were male O. virilis, which were form II, the sexually inactive form of cambarine crayfish (Word and Hobbs, 1958) . In the other tests, both form I males and female O. virilis were utilized.
For each type of source animal, water was introduced to resting, undisturbed test animals under two conditions: (1) when the source animals appeared quiet and undisturbed and (2) when the source animals were disturbed by a simulated predator (chased by an aquarium net). All statistical tests compared the responses shown during introduction of water from the disturbed vs. undisturbed condition for a given type of source animal.
The behavior patterns recorded have been described earlier (Hazlett, 1985a, b) and involved three positions (raised, neutral, lowered) of three body parts (chelipeds, cephalothorax, abdomen). Earlier work showed that the primary response by crayfish to disturbance pheromones was assumption of a neutral posture. Therefore the data compared in this study are the number of seconds spent by test crayfish with any body part in the neutral position. Because a number of the comparisons involved data sets with unequal variance, the nonparametric median test was used for statistical comparisons. Not all the test animals were used with both disturbed and undisturbed water, thus paired statistical tests were not used.
RESULTS
The reactions of test crayfish during the introduction of water from different sources are summarized in Table 1 . The strongest difference in behavior patterns shown by individuals of O. virilis to water from disturbed vs. undisturbed animals was in the case of the salamander Notopthalamus viridescens. The crayfish showed no response (remained in the lowered posture typical of resting animals) when water containing undisturbed newts was introduced. When the newts were disturbed, the reactions were quite rapid and unusual. Although the positions assumed by the crayfish were categorized as "neutral," the postures of the chelipeds and walking legs were not the same as those exhibited during introduction of water from other stressed animals (Hazlett, 1985b) . The angles between limb segments were unusual and could best be described as contorted. Rather than appearing to be on "low-level alert" (Hazlett, 1985b) , the crayfish behaved as if in a distressed state themselves. The responses shown to disturbed and undisturbed bullhead catfish were not significantly different from one another (Table 1) . While the crayfish tended to assume neutral postures more frequently when water from disturbed catfish was introduced, the difference was not significant.
In the case of water from disturbed and undisturbed female crayfish of the species Cambarus diogenes, the responses shown by individuals of Orconectes virilis were significantly different ( Table 1 ). The crayfish assumed the neutral posture much more frequently when water from an aquarium containing disturbed C. diogenes was introduced. In a similar fashion, water from female conspecifics elicited different responses on the part of form II male O. virilis, depending upon the state of the female crayfish (Table 1) . Form II males assumed one of the neutral postures for more of the observation period during the introduction of water from disturbed female conspecific individuals compared to undisturbed individuals.
DISCUSSION
The observation that crayfish of one species (Orconectes virilis) react to chemicals from a variety of species of disturbed animals would seem to strengthen the idea (Hazlett, 1985b ) that the chemical(s) involved is not very specific. Production of a chemical or class of chemicals that induces low-level alert in totally unrelated individuals points toward the communication resulting from the detection of a chemical that occurs simply from increased activity on the part of another animal. Neither the conditions leading to the increase in activity nor the type of animal involved appear to be critical. While more experiments with crayfish as recipients are needed to test the generality of this suggestion, what may be of more widespread importance is the possibility that whole communities of aquatic animals could cue in on potentially detrimental situations by responding to (the chemical results of) a disturbance to any member of the community. It was noted earlier (Hazlett, 1985b) that the lack of a clear response by male crayfish to disturbed female crayfish was puzzling and perhaps the result of confounded chemical messages. That is, introduction of water from disturbed female conspecifics could produce stimulation of males with both sex pheromones (Hazlett, 1985a) and disturbance pheromones. Form II male crayfish are said to be sexually inactive, thus they should be less "confused" by reception of any female sex pheromone. The results of this study indicate that when the chemical message channel is simplified (by use of form II males), the production of disturbance pheromones by females is demonstrable. This was also shown by the response differential shown to waters from disturbed and undisturbed females of the genus Cambarus. While there appears to be some crossspecies detection of sex pheromones within the genus Orconectes (Tiemey and Dunham, 1982) , the results reported here would indicate little confusion via sex pheromones across genera.
The responses of the crayfish to water from disturbed newts appeared qualitatively different from the responses to other disturbed animals. The newts may have been giving off a toxin (Pough, 1971) , rather than a pheromone in the narrow sense. The lack of a clear differential in response to bullhead catfish by crayfish was a bit surprising given the established response by catfish to disturbance (A1- Hassan et al., 1985; Todd et al., 1967) . While it is possible that the "undisturbed" catfish in these tests were not really undisturbed, the demonstration of cross-phyla detection of a nontoxic disturbance chemical remains for future work. It is crucial for such tests that laboratory conditions allow maintenance and observation of undisturbed individuals of both the recipient and source species.
